NACA RM No. L8H20 


h 


0* 


5? 


.;; jl 

^oT 


RESTRICTED 


o 5 ? /I Co py No. 

164 

RM No. L8H20 


- ■ — - 




NACA 

: " { BE V .. I HHflMHRf 


R E S EARCH , MEMORAN D U M 

UNCLASSIFIED 

AUTHORITY CKOWLEY CHANGE 02002 

DATE 12 - 14-53 T.C.F. 

AN INVESTIGATION AT LOW SPEED OF A 51.3° SWEPT BACK 
SEMISPAN WING EQUIPPED WITH 16.7 -PERCENT -CHORD 
PLAIN FLAPS AND AILERONS HAVING VARIOUS 
SPANS AND THREE TRAILING -EDGE ANGLES 

By 


Jack Fischel and Leslie E. Schneiter 

o 


WAN FROM THE FILES OF 


Langley Aeronautical Laboratory 

Langley Field Va national advisory committee for AEROf#mnGi 


CLASSIFIED DOCUMENT 


This document contains classified information 
affecting the National Defense of the United 
States within the meaning of the Espionage Act, 
USC 50:31 and 32. Its transmission cr the 
revelation of ita contents in any manner to an 
unauthorized person is prohibited by law. 

Information so classified may be imparted 
only to persons in the military and naval 
services of the United Stales, appropriate 
civilian officers and employees of the Federal 
Government who have a legitimate Interest 
therein, and to United States citizens of known 
loyalty and discretion who of necessity must be 
informed thereof. 


LANGLEY AERONAUTICAL IA£»C£AT0RY 
LANGLEY FIELD, HAMPTON. VIRGINIA 


RETHPr 


TM r A30 W F. A 


R£ J 
AS FGLl 


jH PUBLICATIONS : l iLU BL AODI ESSAD 


NATIONAL ADVISORY COMMITTEE FOR AEROffAUTIC* 
1512 H ^TR: LT, N. W. 


NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 

November 12, 1948 


RESTRICTED 


NACA EM Wo . L8H20 


RESTRICTED 


NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 


RESEARCH MEMORANDUM 


AN INVESTIGATION AT LOW SPEED OF A 51.3° SWEPTBACK 
SEMISPAN WING EQUIPPED WITH l6 . 7-FERCENT-CHOED 
PLAIN FLAPS AND AILERONS HAVING VARIOUS 
SPANS AND THREE TRAILING-EDGE ANGLES 
By Jack Fischel and Leslie E. Schneiter 

SUMMARY 


A wind—- tunnel investigation was performed at low speed to determine 
the aerodynamic characteristics of a 51 * 3 ° sweptback semispan wing 
equipped with 16 . 7 — percent-chord plain flaps and ailerons having various 
spans and spanvise locations, and with one span of aileron having trailing— 
edge angles of 6°, lh°, and 25° • Lift, drag, pitching-moment, and flap 
hinge-moment data were obtained for the wing equipped with several spans of 
sealed and unsealed flaps deflected up to 60°, and rolling-moment, yawing- 
moment, hinge-moment, and aileron— seal-pressure data were obtained, for the 
various combinations of aileron span and trailing— edge angles. In addition, 
the wing aerodynamic characteristics were determined for a spoiler— type 
aileron configuration having a span of 60 percent of the wing semispan and 
a projection of ^-p>ercent wing chord in conjunction with a 92 . 5 — percent- 
span flap deflected 0°, 3 O 0 , and 60 °. 

The results indicate, in general, that changes in the wing angle of 
attack, flap deflection, flap span, or flap spanwise location produced 
trends in the wing lift, drag, pitching-moment, and flap hinge-moment 
characteristics that were similar to, but of different magnitude from, 
the trends produced on unswept wings, except possibly at large angles of 
attack near the wing stall. Also, changes in the wing angle of attack, 
aileron deflection, aileron span, or aileron spanwise location generally 
produced effects on the swept-wing lateral— control characteristics that 
were similar in trend to, but differing in magnitude from, the corresponding 
effects produced on unswept wings. Notably, the data indicated that a 
given percent— span aileron would be most effective in producing roll when 
it spans the center portion of the wing semispan. 

At values of wing angle of attack below approximately lh°, the rolling 
moment produced by the spoiler-aileron configuration generally increased 
with increase in the angle of attack, and the yawing moment was favorable; 
also, in this angle— of-at tack range, the spoiler aileron generally produced 
larger rolling moments with flap deflected than with flap undeflected. 
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INTRODUCTION 


The plain— flap type of control device is being considered and 
incorporated in the design of high-speed aircraft having swept wings. 

The design engineer on such aircraft is greatly hampered, however, by 
a lack of data upon which to base estimates of the various lift and 
lateral— control design parameters. In order to help alleviate this 
difficulty, the National Advisory Committee for Aeronautics is currently 
investigating flap— type controls on swept wings with the ultimate objective 
of obtaining flap and aileron design criterions similar to those available 
on unswept wings (references 1 to 6) . 

The data presented and discussed herein are the results of a low- 
speed lift and lateral-control investigation of l6. 7-percent-chord plain 
flaps and ailerons having various spans, spanwise locations, and trailing— 
edge angles on a tapered low-drag semispan wing having a leading-edge sweep 
angle of 51. 3° • The present investigation, which was performed in the 
Langley 300 MPH 7 — hy 10— foot tunnel, is an extension of the investigation 
reported in reference 7. The model used in the present investigation and 
that reported in reference 7 were essentially the same, differing only in 
the plan form of the wing tip. The characteristics of the wing in pitch 
were determined through a large angle— of-attack range for various flap 
deflections with the flaps sealed and unsealed. Rolling-moment, yawing- 
moment, hinge-moment and internal— seal-pressure characteristics of the 
various span ailerons were determined for a large range of aileron 
deflections and angles of attack with the ailerons sealed. The effect 
of aileron— end treatment (inboard end of aileron cut off parallel to the 
plane of symmetry rather than normal to the aileron hinge axis) on the 
lateral control and hinge-moment characteristics of one of the aileron 
configurations was also investigated. In addition, the lateral— control 
effectiveness of a spoiler configuration (previously developed on another 
swept.back wing, reference 8), investigated in conjunction with a full- 
span plain unsealed flap deflected various amounts, was determined. 

Included herein is a comparison between the aerodynamic and lateral 
control characteristics of the subject wing and the raked— tip wing of 
reference 7* 


SYMBOLS 


The forces and moments measured on the wing are presented about the 
wind axes, which, for the conditions of these tests (zero yaw), correspond 
to the stability axes. The X-axis is in the plane of symmetry of the 
model and is parallel to the tunnel free— stream air flow. The Z-axis is 
in the plane of symmetry of the model and is perpendicular to the X-axis. 
The Y-axis is perpendicular to both the X— and Z-axes. All three axes 
intersect at the intersection of the chord plane and the plane of symmetry 
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of the model at the chordwise location shown in figure 1. This position 
corresponds to the aerodynamic center of the plain wing and is located 
at 29.9 percent of the mean aerodynamic chord. 


C L 


lift coefficient 


/Twice lift of semispan model\ 

V qS ) 


ACl increment of lift coefficient 

Cp drag coefficient (D/qS) 


Cm 


pitching-moment coefficient 

/ Twice pitching moment of semispan model about Y-axis N \ 




qSc 


J 


AC m 

Cz 

C n 

Ch 

P 


increment of pit ch ing-moment coefficient 
rolling-moment coefficient (L/qSh) 
yawing-moment coefficient (W/qSb) 
flap or aileron hinge-moment coefficient (H/2qM) 
seal^pressure coefficient 

^ Pressure below aileron seal — Pressure above aileron seal 


D 

L 

W 

H 

M 

<1 


twice drag of semispan model, pounds 

rolling moment, resulting from aileron deflection or spoiler 
projection, about X— axis, foot-pounds 

yawing moment, resulting from aileron deflection or 3poiler 
projection, about Z— axis, foot-pounds 


flap or aileron hinge moment, foot-pounds 


area— moment of flap or aileron rearward of and about the 
hinge axis, cubic feet (see table I) 


free— stream dynamic pressure, pounds per square foot 



S twice area of semispan wing model, 18.90 square feet 

b twice span of semispan model, 8.O5 feet 

A aspect ratio of wing, 3*^3 (b 2 /S) 
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local wing chord, feet 

distance along X-axis from leading edge of root chord to 
leading edge of mean aerodynamic chord. 


lateral distance from plane of symmetry, measured parallel 
to Y— axis, feet 

longitudinal distance from leading edge of wing root chord 
to wing leading edge at any spanwise station, measured 
parallel to X-axis, feet 

span of flap, measured parallel to Y-axis, feet 

0 

span of aileron, measured parallel to Y-axis, feet 

free— stream velocity, feet per second 

mass density of air, slugs per cubic foot 

angle of attack of wing with respect to chord plane at 
root of model, degrees 

flap deflection relative to wing chord plane, measured 
perpendicular to flap hinge axis (positive when 
trailing edge is down) , degrees 

aileron deflection relative to wing chord plane, measured 
perpendicular to aileron hinge axis (positive when 
trailing edge is down) , degrees 

flap or aileron trailing-edge angle, measured in a plane 
approximately perpendicular to flap or aileron hinge 
axis, degrees 

wing sweep angle, angle "between wing leading edge and a 
line parallel to Y-axis, degrees 

rolling-moment coefficient produced by 1° difference in 
angle of attack of various right and left portions of a 
complete wing (reference 5) 


2.20 feet 


2 


f 
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Aa/A5 effective change in the angle of attack over the flapped 

portion of a wing produced by a unit change in flap 
deflection 



Ch 8 a 




The subscripts & a and a indicate the factor held 
constant. All alopes were measured in the vicinity 
of 5 = 0° and a = 0°. 

Cl 



Subscripts: 

i inboard 


o outboard 

f flap 


a 

aileron 

•rnfl.y 

maximum 


The subscripts 1 to 5 have been used with the seal— pressure 
coefficient P to indicate the spanwise station at which the pressure 
coefficient was measured. (See fig. 2.) 

The lift, drag, and pitching-moment coefficient data presented 
herein represent the aerodynamic effects of deflection in the same 
direction of the flaps or spoiler on both semispans of the complete wing. 
The rolling-moment and yawing-moment coefficient data represent the 
aerodynamic moments on a complete wing produced by the deflection of the 
aileron (or projection of a spoiler) on only one semispan of the complete 
wing. 


COEEECTIONS 


All the test data have been corrected for jet— boundary and reflection- 
plane effects. Blockage corrections, to account for the constriction 
effects produced by the wing model and wing wake, have also been applied 
to the test data. 
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No corrections hare been applied to tbe data to account for the small 
amount of wing twist produced by aileron deflection or the tare effects of 
the root— fairing body . 


APPARATUS AND MODEL 


The semispan— sweptback-ving model was mounted vertically in the 
Langley 300 MPH 7 — by 10— foot* tunnel, as shown in figure 3* The root chord 
of the model was adjacent to the ceiling of the tunnel which served as a 
reflection plane. The model was mounted on the six— component balance 
system in such a manner that all forces and moments acting on the model 
could be measured. A small clearance was maintained between the model 
and the tunnel ceiling so that no part of the model came in contact with 
the tunnel structure. A root fairing, consisting of a body of revolution, 
was attached to the root of the model in order to deflect the spanwise 
flow of air that enters thp tunnel test section through the clearance 
hole between the model and the tunnel ceiling. 

The model was constructed of laminated mahogany over a welded steel 
framework to the plan— form dimensions shown in figure 1. The model was 
sweptback 51 . 3 ° at the leading edge, had an aspect ratio of 3.43 and a 
taper ratio of 0.44, and had neither twist nor dihedral. The wing 
sections normal to the 50 — percent— chord line of the wing when in the 
unswept condition were NACA 65 -O 12 . Transition was fixed at the leading 
edge of the wing in order to duplicate more nearly full-scale conditions. 
The transition strip, consisting of No. 60 carborundum grains, extended 
over the forward 5 percent of the wing chord on both the upper and the 
lower surfaces along the entire span of the wing model. The carborundum 
grains were sparsely spread to cover from 5 to 10 percent of this area. 

The semi span— wing model was equipped with plain radius— nose control 
surfaces (which were used either as lift— flaps or ailerons) that were 
20 percent chord normal to the 50 — percent— chord line of the wing when 
in the unswept condition and 16.7 percent chord parallel to the plane of 
symmetry of the swept wing. The flaps or aileronB were constructed 
around Bteel spars with Joints (cut normal to the hinge axis) at 
three spanwise stations so that various spans of flap or aileron, occupying 
various spanwise locations, could be obtained (fig. 1 and table I). The 

modified plan form of the 0.404^- outboard aileron (table I) had the 

inboard end of the aileron cut parallel to the plane of symmetry (fig. 4). 
The three mahogany flap and aileron profiles used had trailing— edge angles 
(in a plane approximately normal to the hinge axis) of 6 ° (true contour of 
trailing edge of NACA 65-012 airfoil), 14° (straight sides from hinge line 
to trailing edge of wing), and 25 ° (beveled trailing edge), and were built 
t,o the sections shown in figure 5 . Except as noted, the various lift 
flaps did not have a seal across the gap ahead of the flap nose, whereas 
the various ailerons were sealed. The seal consisted of a plastic 


NACA EM Wo. L8H20 


7 


Impregnated cloth attached to "both the ving and the control surface, 
across the gap ahead of the control— surf ace nose, except at. the point of 
attachment of the flap or aileron actuating mechanism and at the control- 
surface support, hearings. The seal extended and was attached to the 
hearing housing at the end of each flap or aileron chamber, and it is 
he] ieved that the seal in each chamber was fairly complete. Pressure 
orifices were located above and below the seal in the wing block ahead 
of the aileron at the spanwise locations shown in figure 2. Two pairs 
of pressure orifices were located in each of the two center aileron 
sections, whereas only one pair of orifices was located in the inboard 
aileron section. 

The spoiler— aileron configuration consisted of six spoiler segments, 
each having a span of 0.10^- and a projection of 0.05c, attached to the 

upper surface of the wing in a stepped fashion with the span of each 
segment normal to the plane of symmetry (fig. 6). The midpoint of each 
spoiler segment was on the 0.70c line of the wing and the spoiler 
extended from 0.20|- to 0.8o|j-. 


A remotely controlled motor-driven flap— actuating mechanism was 
used to obtain the various flap and aileron deflections employed in the 
investigation. The control— surface deflections were constantly indicated 
on a meter by the use of a calibrated potentiometer which was mounted on 
the hinge axis near the outboard end of the aileron. A calibrated 
electrical resistance— type strain gage was employed to measure the flap 
and aileron hinge moments. 


TESTS 


All the tests were performed at an average dynamic pressure of 
approximately 20.5 pounds per square foot, which corresponds to a Mach 
number of 0.12 and a Reynolds number of 2,200,000 based on the wing mean 
aerodynamic chord of 2.49 feet. 

Wing angle— of-attack tests with the unsealed flaps deflected various 
amounts from 0° to 60° were made through an angle— of— attack range from —10° 
to the wing stall angle, whereas corresponding tests with the sealed flaps 
at zero deflection were generally made through an angle— of-attack range 
from —10° to 10°. Additional lift, drag, pitching-moment, and hinge- 
moment coefficient data presented herein, for both the retracted and 
deflected conditions of the sealed flaps, were obtained in the course of 
obtaining the lateral— control— test data. 

Lateral— control tests, with the various span ailerons having the 
various trailing-edge angles, generally were performed through an aileron- 
deflection range from — 30° to 30° at constant, angles of attack ranging 
from —4° to 28° in 4° increments. 
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Tests of the spoiler configuration were performed through an angle— 
of-attack range from -10° to the wing stall angle with the maximum span 

unsealed flap ^b f = 0.92^ deflected 0°, 3O 0 , and 60 °. 

EESTJLTS AWE DISCTJSSIOW 
Wing Aerodynamic Characteristics 


The static aerodynamic characteristics of the wing in pitch for several 

deflections of 0 . 521 ^ and 0 . 925 ^ unsealed inboard flaps are presented in 

figure 7} »rri corresponding data for several deflections of sealed flaps 
having various spans and spanwise locations are presented in figures 8 
and 9- The incremental values of lift coefficient and pitching-moment 
coefficient resulting from flap deflection are shown in figures 10 and 11, 
respectively, for the flaps in both the unsealed and sealed conditions. 

In addition, the effects of flap span and spanwise location on the values 
of lift coefficient and pitching-moment coefficient obtained on the subject 
wing with the sealed flaps deflected 3 O 0 a**© shown in the summary figures 
presented as figures 12 and 13 . 


Lift characteristics .— The data presented in figures 7 bo 10 and 12 
show that increase in either the flap span or the flap deflection, within 
the range investigated, generally resulted in an increase in the lift at 
any given angle of attack and also in the maximum lift obtainable. The 
incremental lift produced by unit flap deflection tended to decrease as 
the flap deflection or the angle of attack increased and was generally 
larger at a = 0° than at other angles of attack. 


The values of AC^ 


obtained with the 0 . 521 ^- and 0 . 925 tj- unsealed 


flaps deflected 60 ° were, respectively, approximately 0.33 and 0.k3 
at a = 0°, approximately 0.29 and 0.35 at a = 12°, and approxi- 
mately 0.07 and 0.21 at (figs. 7 and 10) . The low value 

of ACj ^y shown here for the 0 . 521 ^- flap as compared to the 


value of AC 


■'■max 


for the 0 . 925 ^- flap has been noted previously in 


other investigations of partial— span and full— span flaps on swept— 
back wings and is thought to be associated with a premature stall 
occurring over the inboard portion of the wing when a trailing— 
edge flap is deflected. This phenomenon is more clearly illustrated 
by a comparison of the lift curves of figures 7 to 9 , which reveals 
that the values of ACj, tend to decrease more rapidly for inboard 


flaps than for outboard or full-span flaps, as the wing stall is 
approached. The decrease in the values of AC^ produced by given 
flap deflections as a increased (figs. 7 to 10) was also noted in the 
swept-wing investigation reported in reference 7 , but was not noted in 
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the investigations of unswept wings reported, in references 1 and 2, and 
is therefore thought to he a phenomenon associated with sweptback wings. 

The data presented herein were obtained at a moderately low value of 
Eeynolds number; however* the results of other wind-tunnel investigations 
have indicated that the rate of increase of with Eeynolds number 

is less for sweptback wings than for unswept wings in the critical range 
of Eeynolds number and is almost negligible when transition is filed on 
the wing leading edge. 

In addition to the increase in wing lift with flap span previously 
noted, figures 8, 9 , and 12 also show that, at angles of attack below that 
for the lift effectiveness of a given percent-span outboard flap 

was less than that of a corresponding percent— span inboard flap. This is 
in excess of the effect that could be attributed to the larger ratio of 
flap area to wing area obtained with inboard flaps than with outboard flaps 
and agrees with corresponding results obtained on unswept wings (references 
to 3) and with the results obtained in the Bwept-wing investigation reported 
in reference 7* It will be noted that with the flap sealed, the ratio of 

ACt. v/ACt, v is almost constant at a = 0°, 12°, and 

Df-0.521 =0.925*j- 

at C W (figs. 8 and 10), but with the flap unsealed, this ratio is 

almost constant only at a = 0° and 12° (figs. 7 and 10). Moreover, 
a comparison of the lift data of figures J, 8, and 10 shows that, at 
angles of attack below that for < -'L max J the va Du©s of AC;l obtained 

with flaps sealed or unsealed were generally quite similar (fig. 10), 
thereby indicating that the beneficial effects on AC^ of sealing the 
flap obtained in previous investigations on unswept wings were not 
obtained on the subject wing. 

Drag characteristics .— Increase in the flap span or the flap 
deflection of either the sealed or unsealed flaps generally produced 
larger values of drag coefficient at low given values of and 

smaller values of drag coefficient at high given values of Cj, 

(figs. 7 to 9) • A comparison of the lift-drag ratios L/D obtained 
at the various flap deflections indicates that at values of above 
approximately 0.6, a flap deflection of 30° provides almost the optimum 
value of D/D, and any increase in flap deflection does not improve 
this ratio, although it does increase the lift coefficient (fig. 7)* 

Because of the importance of the L/D ratio for take-off and landing 
(as well as for cruising flight), and because of the Increase in 
pitching moment with flap deflection (as will be discussed in the 
following section) it may be advantageous to limit the flap deflection 
to a moderate value on sweptback wings. 

Sealing the flap produced no significant changes in the values of 
drag coefficient at given values of lift coefficient for a given percent- 
span flap ( figs . 7 and 8) . 
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Pitching-moment characteristics .— At values of lift coefficient 
above approximately 0.65, the subject, wing had. an unstable variation 
of pitching-moment coefficient with lift coefficient regardless of the 
flap span, flap deflection, or the condition of the flap— nose seal 
(figs. 7 to 9)- Increase in either the flap span or t.he flap deflection 
generally produced negative increments of pitching-moment coefficient. AC m 
over the entire lift— coefficient range (figs. 7, 8, and 11). The values 
of AC m reflected only a small effect of sealing the flap at large flap 
deflections, but sealing the flap produced about 20 percent less negative 
values of AC m for the 0.925^- flap at low flap deflections. The values 
of AC m obtained at a = 0° varied almost linearly with flap deflection 
at values of 5f between 0° and 30° (fig* ll), although the variation of 
pitching-moment coefficient with flap deflection tended to decrease 

as the flap deflection increased (figs. 7 and 8). For outboard flaps, or 


flaps having their outboard end at 0 . 990^, the data of figures 9 and 13 

indicate that a nonlinear variation of C m with flap span exists and 
that, for a given percent— span flap, AC m was largest for a flap located 
over the center portion or the outboard portion of the wing and was 
almost negligible for a short— span flap spanning the inboard portion 
of the wing. Almost similar trends are shown by the variation of Cm® 

"‘Of 

with flap span, although such data are not presented herein. This effect 
is associated with the longitudinal distance rearward of the aerodynamic 
center of the loading produced by flaps on swept wings. 


Flap hinge-moment characteristics .— As would normally be anticipated, 
the hinge-moment data of figures 7 to 9 show that the values of the flap 
hinge-moment coefficient became more negative with increase in the lift 
coefficient (or the angle of attack) of the wing, and also with increase 
in the flap deflection. Only slight, and in some cases, inconsistent 
effects on the values of hinge-moment coefficient were produced by 
increasing the flap span, varying the spanwise position of the flaps, or 
sealing the flaps. 

In general, changes in the wing angle of attack, flap deflection, 
flap span, or flap spanwise location, produced trends in t.he swept-wing 
lift, drag, pitching-moment, and flap hinge-moment, characteristics that 
were similar to, but of different magnitude from, the trends produced on 
unswept. wings, except possibily at large angles of attack near the wing 
stall . 


Aileron— Control Characteristics 

The variation of the aileron lateral control characteristics with 
aileron deflection or wing angle of attack for each of the combinations 
of aileron span and ^railing— edge angle investigated is presented in 
figures l 1 *- to 21. The lateral— control parameters , and Cv , 

^a . ^a il<x 

determined from the data in figures 14 to 17, 20, and 21 (for ailerons 
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having y^ = 0.99o|j, are shown plotted against the position of the 

inboard end of the aileron in figure 22 and against aileron trailing- 
edge angle in figure 23. A summary chart, presenting the values of the 
aforementioned lateral— control parameters and the values of the seal- 
pressure parameter Pg obtained with each of the aileron combinations 

ft 

tested, as veil as the values of the total rolling-moment coefficient 
produced by ^30° deflection of each aileron, is given in table II. 

Eolling-moment characteristics .— The data of figures lb to 21 show 
that the curves of rolling-moment coefficient against aileron deflection 
for a given aileron configuration are fairly linear and are almost 
identical for values of a at and belov 8.3°, hut that these curves 
generally become less linear and the values of Cj at given aileron 
deflections decrease vith increase in a above 8.3°. The magnitude 
of the reduction in Cj (as <1 increased) appeared to increase as 
the span of an aileron having y^ = 0.990^ (outboard ailerons) 
increased, and is particularly large for the 0.513|- (center-span) 
and 0.5215- (inboard) ailerons. This phenomenon is thought to be 
associated vith the premature stall that occurred vhen control surfaces 
vere used on the inboard portion of the ving (see figs. 7 to 9) and 
indicates that an aileron on the subject ving vould retain the greater 
part of its effectiveness through the a range vhen it is located 
near the ving tip. 

As an indication of the maximum rolling effectiveness of the 
ailerons, assuming an aileron system vith no differential linkage, the 
values of the total rolling-moment coefficient for ±30° aileron deflec- 
tion at constant values of a have been computed for each of the aileron 
arrangements investigated and are listed in table II. Because the trends 
exhibited by these values of total for 5 a = ^30° are similar to 

the trends exhibited by the values of the aileron-effectiveness 

parameter Cj for each of the aileron arrangements, only the variations 

°a 

of the parameter vith aileron span, spanvise location, and trailing- 

edge angle vill be dealt vith in the folloving discussion of rolling- 
moment characteristics. 

The variation of the aileron— effectiveness parameter vith 

the position of the inboard end of the aileron, for ailerons & 
having = lb° and y a ^ = 0.99C)|- and vith aileron trailing-edge 

angle, for outboard ailerons of 0.40h|-, is shewn in figures 22 and 23, 

respectively. As vould be normally anticipated, increased vith 

increasing aileron span and decreased vith increasing a aileron trailing- 
edge angle. (Corresponding effects have been determined previously on 
unsvept vings (reference 4).) The variation of C 7c . with aileron 

^a 

span vas nonlinear, and the data of figure 22 and table II indicate that 
a given percent-span aileron vould be most effective vhen spanning the 
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center portion of the wing semispan and least effective when spanning the 
inhoard portion of the wing semi span. A comparison of the values 


measured with the 0 . 513 k center-span aileron and with 
b a ^ 


of C 

the 0 . 52 ljy inhoard aileron (table H) with the values of Cj 
estimated for these ailerons from the C 
indicates excellent agreement. The estimated values of 


curve of figure 22 

£L 


C 2* 


were 


obtained from figure 22 by taking the difference between the values 
of Cjc at the inboard and outboard ends of each aileron. Because of 

€L 

this excellent agreement between the measured and estimated values 


of C 


V 


it is indicated that the C 


>8, 


curve of figure 22 could be 


used to estimate accurately the aileron— effectiveness parameters of 
ailerons spanning various portions of the wing semispan on wings having 
plan forms similar to the wing investigated. 


In the investigation reported in reference 9, the subject data and 
data obtained in other investigations have been analyzed and a method of 
computing control parameters for sweptback wings has been developed, 
which, for the subject wing, is represented by the relationship 




£l 

Aa A5 


cos 


2A 


The variation of C 


* 8 . 


with aileron span calculated from this relation- 


ship is shown in figure 22. The variation of C^/Aa with aileron span 
used in these calculations was obtained from reference 5 Tor a wing of 
aspect ratio 6 and a taper ratio of 0.5; these values approximately 
correspond to the geometric characteristics for the wing of the present 
paper when it is unswept. A value of 0.44 was used for Aa/AS which 
corresponds to the value for a sealed aileron of 0.20c (normal or 
approximately normal to the hinge line) . The theoretical curve of C ^ 

/ ^ 

is in excellent agreement with the experimentally determined curve (as 
was shown in reference 9), except for short— span ailerons located near the 
wing tip, where the experimentally determined curve provides slightly 
smaller values of Ci . 


Yawing-moment characteristics .— The total yawing-moment coefficient 
resulting from equal up and down deflection of the ailerons was generally 
adverse (sign of yawing moment opposite to sign of rolling moment) for 
all combinations of aileron span and trailing-edge angles tested (figs. 14 
to 21) . The magnitude of the adverse yawing-moment coefficient increased 
as the angle of attack increased, in one case becoming as much as 
84 percent of the total rolling-moment coefficient. The ratio of adverse 
yawing moment to rolling moment was considerably larger for the subject 
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wing than the corresponding ratio obtained for unswept wings. Eeference 10 
indicates that these large adverse yawing moments would tend to reduce the 
rolling power of the ailerons and that these adverse yawing moments, when 
coupled with the low aileron effectiveness encountered at high values of 
lift coefficient and/or low airplane directional stability, may be quite 
deleterious. As would be expected, the yawing moment produced by any 
given equal up and down deflection of the ailerons increased with 
increasing aileron span. Variation of the aileron trailing-edge angle 
caused no significant changes in the yawing moments produced by 
the 0.40^ outboard aileron (figs. 16, 20, and 2l) . 

From considerations of either the total yawing moment or the ratio 
of yawing moment to rolling moment, there appears to be no advantage to 
be gained in the use of ailerons spanning the center portion or the 

inboard portion of the wing semi span. The center-span aileron (0.513^), 

while producing more rolling moment, also produced more adverse yawing 
moment than would probably be produced by a comparable span aileron 
located at the wing tip; however, the ratio of yawing moment to rolling 
moment was almost identical for all configurations. 

Aileron hinge-moment characteristics .— Hinge-moment— coefficient data 
obtained on the various spans of aileron (figs. 14 to 21) show that the 
values of the hinge-moment coefficient C-^, at given aileron deflections, 
generally became more negative as the wing angle of attack increased. The 
data also show that a fairly linear variation of C h with 5 a was 
obtained for the 0.925^- aileron at low angles of attack. The variation 
of C h with 8 a , for the up— going aileron, generally became less as 
the value of a increased, as the aileron span of outboard ailerons 
decreased and, for the 0 . 404^- outboard ailerons, as the aileron trailing- 
edge angle increased. 


The values of the aileron hinge-moment parameters and 

were only slightly affected by changes in the span or spanwlse location 
of the ailerons (fig. 22 and table II). For ailerons having y ao = 0.990^- 


and 


0 a = lV 3 , and C h& exhibited a slight shift toward more 

negative values as the aileron span was increased, and for the 0.513^ center- 


span aileron and the 0.52175- inboard aileron as well as for the O.lj-Ok— out- 
board aileron, the data indicated a slight shift toward more negative 
values of both and when the spanwlse position of the aileron 

was moved inboard. In addition, for outboard ailerons of 0.404^-, 

and exhibited large changes toward less negative (or more positive) 

values as the aileron trailing-edge angle was increased (fig. 23). Corre- 
sponding effects on the values of and produced by change in 
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aileron trail ing-edge angle have "been noted previously in other investi- 
gations on swept and unsvept wings (references 7 and 4, respectively) . 

Internal seal-pressure characteristics .— The internal seal- pres sure 
data obtained on the various span ailerons having a trailing— edge angle 
of 14° (figB. lb to 19 and table II) show that the most linear variation 
of P with 6„ and the highest value of P at any given value of 5 a 

were invariably obtained on each aileron at the spanwise station located 
nearest the inboard end of the aileron. In addition, for each span of 
aileron, the values of P for given aileron deflections and the values 
of P$ a generally decreased in proceeding from the inboard pressure- 

orifice stations to the outboard stations. Increasing the wing angle of 
attack had an inconsistent effect upon P§ & but generally produced a 

shift of the pressure curves toward more positive values of pressure 
coefficient. For a constant aileron span ^b a = 0.404j^, increasing the 

aileron trailing— edge angle generally produced slightly smaller values 
of P=j & and produced only negligible changes in the values of P at 

given aileron deflections (figs. l6, 20, and 21 and table II). 

The seal— pressure data indicate, in general, that sealed internal 
balances will provide hinge-moment balancing effects on a highly sweptback 
wing through a moderate aileron-deflection range and a large angle— of— 
attack range up to and through the angle of wing stall. Calculations of 
the balancing moments of various sizes of sealed internal balance made by 
the methods and data presented in reference 11 and the data presented in 
the present paper showed that an internal balance which would permit 
±•20° aileron deflection on the wing investigated would provide considerable 
balancing effects through the wing angle-of-attack range; however, this 
would also limit the rolling power of the ailerons, which may be serious at 
low speeds. In order to increase the deflection range of the ailerons 
above ±20°, and thereby the available rolling moment, the size of the 
overhanging balance would necessarily be shortened with an accompanying 
loss in available balancing power of the internal balance. 

Characteristics of the modified 0.404 tj- aileron.— As has been previously 

noted, and as shown in figure 1, the ailerons tested in the main part of 
this investigation were formed by segments the ends of which, with the 

exception of the ends at the 0 . 065 | and 0 . 990 | stations, were cut 

perpendicular to the aileron hinge line. In order to determine the 
effects of aileron end treatment or changes in aileron plan form on 
aileron control characteristics, the 0.404£ outboard aileron having a 
trailing— edge angle of 6° was modified by cutting the inboard end of the 
aileron parallel to the plane of symmetry (fig. 4). A comparison of the 
data for the modified aileron configuration with that of the original 
aileron configuration (figs. 24 and 25 and table II) shows that the 
modification resulted in approximately a 9-percent reduction in the 
rolling power of the aileron, no notable change in the yawing-moment 
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characteristics, and a negligible reduction in the value of the hinge- 
moment parameter C;^. The main effect of the modification was a 

reduction in the variation of hinge moment over the aileron deflection 
range; this reduction amounted to approximately 55 percent in the value 

of C h . 

°a 


Spoiler Control Characteristics 

The aerodynamic and lateral control characteristics of the wing 
equipped with the spoiler configuration shown in figure 6 and with 

the 0 . 925 ^ unsealed flap deflected 0 °, 3O 0 , and 60 ° are shown in 

figure 26. As has been previously noted, the spoiler configuration 
used for these tests is similar to one of the more satisfactory 
configurations developed in the investigation reported in reference 8. 

A comparison of the aerodynamic characteristics of the flapped 
wing— spoiler configuration with the characteristics of the plain flapped 
wing (fig. 7(b)) shows that the addition of the spoiler configuration on 
both semispans of the complete swept wing (for possible use as a speed 
brake or a glide— path control) generally produced the same effects on 
the values of C-^, C-p, C m , and at values of a below approxi- 

mately 1 6° as are produced on unswept wings. Addition of the spoiler 
configuration to the swept wing reduced the values of over the 

entire angle-of-attack range; in addition, the values of Cp were 
increased, and the values of and generally became more 

positive (or less negative) at low angles of attack, and opposite trends 
were exhibited by these coefficients at large angles of attack. The 
spoiler configuration produced only small changes in the incremental- 
values of Cp, Cp, C m , and Cp resulting from deflection of the flap. 

The variation of spoiler-aileron rolling-moment coefficient with 
angle of attack was irregular for all three flap deflections; the values 
of C 1 generally increased with increase in a at values of a below 
approximately 1^° and tended to decrease with . increase in a above 
a = lb°. Except in the high angle— of— attack range, the values of Ci 
produced by spoiler projection generally were greatest with the flap 
deflected. The yawing-moment coefficients produced by spoiler projec- 
tion were favorable over most of the angle-of-attack range but became 
adverse at angles of attack greater than approximately 12°. 

It is rather difficult to make a direct comparison between the 
relative effectiveness of the one spoiler configuration investigated 
and the effectiveness of the ailerons investigated, principally because 
the spoiler was tested at only one projection and the configuration 
tested may not be optimum for the subject wing. However, considering 
the variation of the rolling-moment characteristics over the projection 
range of this spoiler configuration on another wing (reference 8) — 
which would probably be quite similar on the subject wing — it appears 
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that the present spoiler configuration at a maximum projection of 
approximately 0 . 08 c would probably provide as much rolling moment 

over the angle— of-attack range as the 0.404|- outboard aileron (which 

represents a fairly typical aileron configuration) deflected ±20° 

(to allow for adequate internal balancing). A comparison of this 
nature is not complete, however, because the spoilers exhibited more 
favorable yawing-moment characteristics and would have more favorable 
stick— force characteristics than the 0.404|- aileron, particularly at 

high speeds. It should be remembered that the comparative analysis of 
the effectiveness of the two lateral control devices is based on data 
obtained only at low speed and, as such, is not intended to apply in the 
transonic speed range wherein wings of this plan form are designed to fly. 


Effect of Wing-Tip Shape 

Eeference 7 presents the results of an investigation, similar to 
that reported herein, performed with essentially the same wing model 
as the present model, except that the wing model of reference 7 was 
equipped with a raked tip. Eor purposes of identification, the wing 
of reference 7 will be referred to in the ensuing discussion as the 
"raked-tip wing" and the wing of the present investigation will be 
referred to as the "swept— tip wing." 

Comparison of wing aerodynamic characteristics .— The variation of 
the wing angle of attack and drag, and pitching-moment coefficients with 
lift coefficient for the raked-tip wing with the largest span of flap 
tested at 0° and 30 ° deflections were almost identical to the corre- 
sponding characteristics of the swept— tip wing with the 0.925^ flap at 

similar deflections. This rather complete lack of significant changes 
in the wing aerodynamic characteristics as a result of changing the tip 
shape has been noted previously in several unpublished investigations. 

This phenomenon, pluB the fact that the aspect ratios of the swept— tip 
an d raked-tip wings under discussion were about the same, leads to the 
belief that any major changes in the wing aerodynamic characteristics 
resulting from a change in the wing— tip shape are the result of changes 
in +he wing aspect, ratio. In addition, it is considered somewhat 
surprising that the variation of the increment of lift coefficient with 
flap deflection produced by the largest span flap on the raked-tip wing 

was almost in perfect agreement, with the results for the 0.925^- flap on 

the swept-tip wing, because the ratios of area and span of the largest 
span flap on the raked-tip wing to the area and span of the raked— tip 
wing are smaller than the corresponding radios for the swept— tip wing. 

Comparison of aileron lateral control characteristics .— In general, 
the- Ci, C n , Cft, and P data obtained on the swept-tip and raked- 
tip wings were quite similar and exhibited the same trends with change 
in aileron deflection and wing angle of attack. Also, in general, the 
effect of variation of the wing— tip shape on the variation of +he lateral- 
control parameters C^g , C^, and C 2& with aileron trailing-edge 

Q. 8 . 
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angle and on the variation of Cj^ and with aileron span vas 

negligible. For any given span of Aileron., the rolling-effectiveness 
parameter Ci for the swept— tip wing was slightly greater than 
b a 

the Ci values for the raked— tip wing. This effect seems logical 
°a 

when one considers the comparative spans and spanwise locations of the 
ailerons tested on both wings. From a comparison of these low-speed 
data, it appears, therefore, that the wing with the swept tip would be 
preferred because the wing with this tip has, for equal aspect ratio 
and taper ratio, more physical length of trailing edge upon which to 
install ailerons and high— lift devices than the comparable raked— tip 
wing, and because it would provide more satisfactory performance (as a 
result of its larger area) for an airplane. 


CONCLUSIONS 


A wind-tunnel investigation was performed at low speed to determine 
the aerodynamic characteristics of a 51 * 3 ° sweptback semispan wing 
equipped with l6 . 7— percent— chord plain flaps and ailerons having various 
spans, spanwise locations, and trailing— edge angles. In addition, a 
spoiler— aileron configuration was tested on the semispan wing in conjunc- 
tion with a 92 . 5-percent— span flap. The results of the investigation 
led to the following conclusions: 


1. In general, changes in the wing angle of attack, flap deflection, 
flap span, or flap spanwise location produced trends in the swept-ving 
lift, drag, pitching-moment, and flap hinge-moment characteristics that 
were similar to, but of different magnitude from, the trends produced 
on unswept wings, except possibly at large angles of attack near the 
wing stall. In the low and moderate lift— coefficient range, a seal 
installed across the 0 . 5-percent— chord gap ahead of the flap nose 
produced no significant changes in the lift, drag, pitching— moment, 
and hinge-moment characteristics of the wing obtained with the flap 
unsealed. 


2. The incremental value of lift coefficient AC^ obtained 
with 52 . 1 — percent span and 92 . 5 -percent span unsealed flaps deflected 60 ° 
were, respectively, approximately 0.33 and 0.k3 at zero angle of attack, 
approximately 0.29 and 0.35 at an angle of attack of 12°, and approxi- 
mately O.O 7 and 0.21 at maximum lift. 


3 . As would be normally anticipated the effectiveness of the 
ailerons, as shown by the variation of rolling-moment coefficient with 


aileron deflection C 


* 6 , 


increased aB the aileron span increased and 


decreased as the trailing-edge angle of a given aileron was increased. 
The data indicated that a given percent— span aileron would be most 
effective when spanning the center portion of the wing semi span, but 
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would retain the greater part of its effectiveness through the angle- 
of— attack range when spanning the outboard portion of the wing semi span. 

k. The total yawing moment, resulting from equal up and down 
deflections of the ailerons, was generally adverse for all combinations 
of aileron span and trailing— edge angle tested and became more adverse 
as the wing angle of attack or the aileron span increased. Variation 
of the trailing-edge angle caused no significant changes in the yawing 
moments produced by a given span of aileron. 

5. The values of the aileron hinge-moment parameters Cj^ and 

were only slightly affected by changes in the span or spanwise location 
of the ailerons; and exhibited a slight shift toward more 

negative values as the aileron span was increased toward the wing root 
section and as the spanwise location of a given span of aileron was 
moved inboard. In addition, for a given span of aileron, and Cj^ 

exhibited large changes toward less negative (or more positive) values as 
the aileron trailing-edge angle was increased. 

6. Increase in the wing angle of attack had an inconsistent effect 
on the variation of seal— pressure coefficient with aileron deflection Pg 

a. 

but generally produced a shift of the curves of the pressure coefficient 
against aileron deflection toward more positive values of pressure 
coefficient. Increase in the aileron trailing-edge angle generally 
resulted in slightly smaller values of Pg but had a negligible effect 

£t 

on the values of pressure coefficient obtained at given aileron deflections. 
The seal— pressure data indicate, in general, that sealed internal balances 
will provide hinge-moment balancing effects on a highly sweptback wing 
through a moderate aileron-deflection range and a large angle-of-attack 
range up to and through the angle of wing stall. 

7. Data obtained on a h-0 . h— percent-span outboard aileron modified 
by making the inboard end of the aileron parallel to the plane of 
symmetry (the original aileron had its inboard end normal to the aileron 
hinge line) shows that the only notable changes resulting from the modifi- 
cation were an approximately 9~: percent reduction in the rolling effective- 
ness of the aileron and a 55— percent reduction in the parameter Cv . 

c a 

8. The rolling moment produced by the spoiler-aileron configuration 
generally increased with increase in wing angle of attack a at values 
of a below approximately l4° and, in this a range, generally was 
greater with the flap deflected than with the flap undeflected. Also, 
in the aforementioned a- range, the spoiler aileron produced favorable 
yawing moments. 
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9. A comparison made between the data obtained on the subject swept 
wing and data obtained on a rated— tip version of the subject wing indicated 
no major differences existed in the trends and magnitudes of the coef- 
ficients obtained. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ya. 
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TABLE I.- DIMENSIONAL CHARACTERISTICS OF THE 
VARIOUS 0.l67c FLAPS AND AILERONS TESTED 
ON THE 51 . 3° SWEPTBACK WING 


Flap or 
aileron span 

Flap or aileron 1 

gpanvise location 

M 

yfi or y ai 

y f 0 or y ao 

(ft3) 

0.9254 

0.065^ 

0.9904 

0.2131 

.686| 

.304| 

.9904 

.1199 

A01|| 

.586| 

.99(% 

• 06 37 

•1T3| 

.8174 

.9904 

.0225 

• 52l| 

.0654 

.5864 

.1494 

•513| 

.301*4 

.8174 

.1174 

a A0lt| 

• 5 86 4 

.9904 

.0561 


Modified by cutting Inboard end of aileron parallel to plane of 
symmetry . 


TABLE n.- S'DMMARI OF THE LATERAL CONTROL CHARACTERISTICS OF 0.l6Tc AILERONS 
OF VARIOUS SPANS ON THE 51-3° SWEPTBACK WING 


ro 

ro 


Aileron 

span, 

*a 

*a 

(deg) 



C *a 

P R 

5 a 

Total C j for S a = ± 30 ° 

Sta. 1 

Sta. 2 

Sta. 3 

Sta. 4 

Sta. 5 

a ftj 0° 

a » 8.3° 

a* 12 . 5 ° 

a % 20.8° 

0 . 925 | 

14 

0.00118 

-0.006L 

-0.0021+ 

0.025 

0.033 

O.O3O 

0.033 

0.027 

O.O57I+ 

0.0562 

0 . 01+95 

0.01+36 

• 686| 

lb 

.00105 

-.0060 

-.0015 


.033 

.031 

.033 

.027 

. 0511 + 

.0503 

. 01+14 

.01+17 


.i+oi+| 

lb 

.OOO57 

-.0057 

-.0011 




.030 

.021+ 

.0299 

.0298 

.0250 

.021+0 




• 173 j 

l 4 

.00022 








.0139 

. 0131 + 

.0129 

.0096 








• 52 l| 

14 

.00063 

-.0067 

-.0025 

.021+ 

.026 

.023 



.0323 

.0315 

.0265 

.0190 



• 513 | 

l 4 

.00081 

-.0061+ 

-.0011 


.031 

.027 

.028 

.023 

.0433 

. 01+25 

.0358 

.0308 


. 1 + 04 | 

25 

.0001+8 

-.0035 

.0015 




.027 

.021 

.0276 

.0243 

.0268 

.0255 




.l+0l+£ 

2 

6 

.00059 

-.0069 

-.0015 




.030 

.026 

.0310 

.0276 

.0276 

.021+2 




aj+Ql^b 

2 

6 

.00051+ 

-.0031 

-.0011+ 




















a Modified by cutting inboard end parallel to plane of syrnmetry , 
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Figure 3.- The 51.3° sweptback semispan wing mounted near the ceiling in the Langley 300 MPH 7- by 

10 -foot tunnel. 
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/3#ve/ec/- /’ra/Z/ng o/fero/i j Zj}=£Z). 

Figure 5.- Sketch of the flap and aileron contours tested on the 51.3° sweptback 
semispan wing model. (Contours and dimensions shown are in a plane 
normal to the 50 -percent-chord line of the wing in the unswept' condition or 
approximately normal to the aileron hinge line.) 



Figure 6.- Plan form and section of the spoiler configuration tested on the 51.3° sweptback semispan 

wing model. 
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(a) 


Flap span, 0.52l|; y fi = 0.065^; yf Q = 0.586|. 


v? 


<*> 


1 

! 


Figure 7.- Effect of flap deflection on the aerodynamic characteristics in pitch 
of the 51.3° sweptback wing. 0 = 14° over entire wing span; flap unsealed. 
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(a) Concluded. 


Figure 7.- Continued. 


Hinge - moment coefficient. 
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Lift coefficient , C/_ 


(b) Flap span, 0.925^; y fi = 0.065^; yj Q = 0.990^. 


Figure 7.- Continued. 


Drag coefficient ,C q 
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(b) Concluded. 
Figure 7.- Concluded. 
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(a) Concluded. 
Figure 8.- Continued. 
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Flap span, 0.925—; y f . = 0.065^; y f = 0.990^. 
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Figure 8.- Continued. 
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(b) Concluded. 
Figure 8.- Concluded. 
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(a) 0 = 14° over flapped portion of wing; 0 = 6° over remainder of wing. 

Figure 9.- Effect of flap span and spanwise location on the aerodynamic 
characteristics in pitch of the 51.3° sweptback wing. Flap sealed; 

6 f = 30°. 
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(a) Concluded. 
Figure 9.- Continued. 
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Figure 9.- Continued. 
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(b) Concluded. 
Figure 9.- Concluded. 
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(b) Flap sealed. 


Figure 10.- Variation of increment of lift coefficient AC^ with flap deflection for the 51.3° sweptback 

wing, y-p = 0.065^; 0 = 14° over entire wing span, 
l z 
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Figure 11.- Variation of increment of pitching-moment coefficient AC m with 

flap deflection for the 51.3° sweptback wing at a = 0°. yj. = 0.065^; 

0 = 14° over entire wing span. 1 
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yfo > 990 t 
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Flap span , b /p/ 2 

Figure 12.- Effects of flap span and spanwise location on lift coefficient of the 
51.3° sweptback wing. Flap sealed; 5^ = 30°; 0 = 14° over entire 

wing span for = 0.06 5^; 0 = 14° over flapped portion of wing, and 

0 = 6 over remainder of wing for y^. = 0.990-. 
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Figure 13.- Effect of flap span and spanwise location on pitching -moment 
coefficient of the 51.3° sweptback wing at a= 0°. Flap sealed, 

= 30°; 0 = 14° over entire wing span for y f . = 0.065^; 0 = 14° 
over flapped portion of wing, and 0 = 6° over remainder of wing for 
y fo - 0.990|. 
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Figure 14.- Variation of lateral control characteristics with aileron deflection 
on the 51.3° sweptback wing. b a = 0.925^; y aQ = 0.990^; 0 a = 14°. 
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Figure 14.- Continued. 
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Figure 14.- 'Continued. 
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Figure 14.- Concluded. 
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Figure 15.- Variation of lateral control characteristics with aileron defection 

on the 51.3° sweptback wing. b a = 0.686—; y a = 0.990^; 0 a = 14°, 

0 = 6° over remainder of wing span. ^ 
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Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Concluded. 
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Figure 16.- Variation of lateral control characteristics with aileron deflection 
on the 51.3° sweptback wing. b a = 0.404^; y a = 0.990^; 0 a = 14°, 

0 = 6° over remainder of wing span. 
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Figure 16.- Continued. 
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Figure 16.- Continued. 
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Figure 16.- Concluded. 
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Figure 17.- Variation of lateral control characteristics with wing angle of attack for various aileron 

deflections on the 51.3° sweptback wing. b a = 0.173^-; y aQ = 0.990^; 0 a = 14°, 0 = 6° over 
remainder of wing span. 
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Figure 18.- Variation of lateral control characteristics with aileron deflection 
on the 51.3° sweptback wing. b a = 0.513^; y a ^ = 0.817^; 0 a = 14°, 

0 = 14° over remainder of wing span. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 
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Figure 19.- Variation of lateral control characteristics with aileron deflection 

on the 51.3° sweptback wing. b a = 0.521^; y = 0.586^; 0„ = 14°, 

a 2 a o 2 a 

0 = 14 u over remainder of wing span. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Concluded. 
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Figure 20.- Variation of lateral control characteristics with aileron deflection 
on the 51.3° sweptback wing. b a = 0.404^; y aQ = 0.990^; 0 a = 6°, 

0 = 6° over remainder of wing span. 
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Figure 20.- Continued. 
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Figure 20. - Continued. 


NA.CA RM No. L8H20 


TO 



Figure 20.- Concluded. 
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Figure 21.- Variation of lateral control characteristics with aileron deflection 
on the 51.3° sweptback wing. b & = 0.404^; y a = 0.990^; 0 a = 25°, 

0 = 6° over renaainder of wing span. 
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Figure 21.- Continued. 


MCA EM Wo. L8H20 


73 



Figure 21.- Continued. 
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Figure 21.- Concluded. 
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Figure 22.- Variation of aileron parameters Cj , C h , and C h with 

°a °a a 

relative position of inboard end of aileron on the 51.3° sweptback wing 
0 a = 14°, 0 = 6° over remainder of wing span; y a = 0.990^. 
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Figure 23.- Variation of aileron parameters Cj , , 

aileron trailing-edge angle on the 51.3° sweptback wing. 

y_ = 0.990-; 0 = 6° on wing inboard of aileron. 
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Figure 24.- Comparison of the variation of hinge-moment coefficient with angle of attack for the original 
and modified ailerons of b a = 0.404^ on the 51.3° sweptback wing. 6 = 0°; 0=6°; 

y a = 0.990|. 
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Figure 25.- Comparison of the variation of lateral control characteristics with 
aileron deflection for the original and modified ailerons of b a = 0.4048 on 
the 51.3° sweptback wing, a = 0°; 0 = 6 °; y = 0.990^. 
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Figure 26. - Variation of aerodynamic characteristics with angle of attack of 
the 51.3° sweptback wing equipped with 0.600^ spoiler ailerons and a 0.925^ 
unsealed flap. = 14°; y f = 0.990^. 
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Figure 26.- Continued. 
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Figure 26.- Concluded. 


